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[57] ABSTRACT 

A tunnel unit fox a scanning tunneling microscope in- 
cludes a specimen stage having a plurality of pole pieces 
joined together via a joint member formed of a non- 
magnetic material and a specimen placing surface 
where the pole pieces and the joint member are ex- 
posed, a permanent magnet rotatably inserted within 
the specimen stage and at the joint of the plurality of 
pole pieces, a scanning head main body, which is pro- 
vided with a piezoelectric element fixed thereto and a 
probe mounted on the piezoelectric clement, being dis- 
posed above the specimen placing surface of the speci- 
men stage and extending across the exposed joint mem- 
ber, and three screws formed of a magnetic material and 
rotatably mounted on the scanning head main body, the 
screws having their end portions in contact with the 
specimen placing surface of the specimen stage for sup- 
porting the scanning head main body above the speci- 
men placing surface. 

42 Claims, 23 Drawing Sheets 




02/17/2004, EAST Version: 1.4.1 



US. Patent Aug. 7, 1990 Sheet 1 of 23 4,947 

FIG. I A 




02/17/2004, EAST Version: 1.4.1 



U.S. Patent Aug. 7, 1990 
FIG. IC 



Sheet 2 of 23 4,947,042 



FIG. 



FIG 




02/17/2004, EAST Version: 1.4.1 





02/17/2004, EAST Version: 1.4.1 



U.S. Patent Aug. i, 1990 Sheet 4 of 23 4,947,042 

FIG. IH 




02/17/2004, EAST Version: 1.4.1 



U.S. Patent Aug. 7,1990 sheet 5 of 23 4,947,042 




02/17/2004, EAST Version: 1.4.1 



US. Patent Aug. 7, 1990 sheet 6 of 23 4,947,042 

FIG.3A 



Z 



120a 




122 



FIG. 3B 2 




122 



02/17/2004, EAST Version: 1.4.1 



U.S. Patent Aug. 7, 1990 sheet 7 of 23 4,947,042 




122 



FIG. 3D 

z 



1232 1231 




02/17/2004, EAST Version: 1.4.1 



US. Patent Aug. 7, 1990 sheet 8 of 23 4,947,042 



z 




1242 1242 



02/17/2004, EAST Version: 1.4.1 



US. Patent Aug. 7, 1990 Sheet 9 of 23 4,947 

FIG. 4A f 




02/17/2004, EAST Version: 1.4.1 



U.S. Patent Aug. 7, 1990 Sheet 10 of 23 4,947 

FIG. 4C 




02/17/2004, EAST Version: 1.4.1 



U.S. Patent Aug. 7, 1990 Sheet ll of 23 4,947 




02/17/2004, EAST Version: 1.4.1 



US. Patent Aug. 7, 1990 
FIG. 5C 



1124 




Mz 



Sheet 12 of 23 4,947,042 

FIG.5D, 



123 



1124 




FIG. 5E 



FIG. 5F 



FIG. 5G 




02/17/2004, EAST Version: 1.4.1 



US. Patent Aug. 7, 1990 

FIG. 5H _ ^ 




FIG. 6A 



Sheet 13 of 23 4,947,042 
FIG. 5 J ^1125 



M2- 



J 



FIG. 5K ''26 



M2 



HOB 




IIOA 



110a 




.IIOA 
110a 



02/17/2004, EAST Version: 1.4.1 



US. Patent Aug. 7, 1990 Sheet 14 of 23 4,947,042 

FIG. 6C 




FIG. 6D 

114 113 

110 



ItOd 




02/17/2004, EAST Version: 1.4.1 




02/17/2004, EAST Version: 1.4.1 



U.S. Patent Aug. 7, 1990 sheet w of 23 4,947,042 

FIG. 7C 



PROBE 1 15 
lN-«- 



PREAMPLIFIER HOD 

i * V 




OUT 



:b >fir 



Eref 



1 IIOF 



FIG. 7D 



PREAMPLIFIER HOD ABSOLUTE AMPLIFI E R 

A u ^ 



PROBE 115 
IN— I 




OUT 



-AW- 



-vw- 



EB 



1 




IIOF 





1' 



Eref 



02/17/2004, EAST Version: 1.4.1 



U.S. Patent Aug. 7, 1990 Sheet 17 of 23 4,947,042 

FIG. 8A 



Mi Mz 




02/17/2004, EAST Version: 1.4.1 



US. Patent Aug. 7,1990 Sheet 18 of 23 4,947,042 

F I G.9A 

112 

/ * s . 

Ml M2 A 




7 



F I G. 9B 




02/17/2004, EAST Version: 1.4.1 



U.S. Patent Aug. % im sheet 19 of 23 4,947,042 
FIG. IOA F I G.IOB 




F I G.IOC F I G.IOD 




02/17/2004, EAST Version: 1.4.1 



US. Patent Aug. 7, 1990 Sheet 20 of 23 4,947,042 

F I G.IOE F I G.IOF 




F I G.IOG F I G.IOH 




02/17/2004, EAST Version: 1.4.1 



US. Patent Aug. 7, 1990 
F I G.I IA 




Ilia 
1165 j^, 2 



Sheet 21 of 23 4,947,042 

F I G.I IB 



1165 



116' 



t 



1160 



F I G.IIC 




F I 6.1 ID 



II66-J^ 



1160^: 



116 



F I G.IIE 



F I G.I IF 




Il66~m 



116— [x 
160 



02/17/2004, EAST Version: 1.4.1 



US. Patent Aug. 7, 1990 



F I 6.I2A 



Sheet 22 of 23 4,947,042 

FIG.I2B 



III 




F I G.I2C F I G.I2D 




02/17/2004, EAST Version: 1.4.1 



U.S. Patent . Aug. 7, 1990 sheet 23 of 23 4,947 




FIG.I4A 

PRIOR ART 




02/17/2004, EAST Version: 1.4.1 



4,947,042 



TUNNEL UNIT AND SCANNING HEAD FOR 
SCANNING TUNNELING MICROSCOPE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a tunnel unit for a 
scanning tunneling microscope (hereinafter referred to 
as an "STM") and, more particularly, to a tunnel unit 
for a microscope of this type that has a coarse adjust- 
ment mechanism in which the scanning head is sup- 
ported by the use of screws at three points. 

The present invention also relates to a scanning head 
used in a tunnel unit far an S'l'M. 

2. Description of the Related Art 
Tunnel units for STMs that have a coarse adjustment 

mechanism, in which a scanning head having a probe 
mounted on a piezoelectric element is supported at 
three points by three screws provided through a speci- 
men stage, are disclosed in, for instance, (1) J. Schneir, 
R. Sonnenfeld, O. Marti, P. K. Hansma, J. E. Demuth 
and R. J. Hamers, "J. AppL Phys.'\ Vol 63, No. 3, pp 
717 to 721, 1988, and (2) O. Marti, B. Drake, S. Gould 
and P. K. Hansma, "J. Vac. ScL Technol. A.", Vol. 6, 
No. 2, pp 287 to 290, 1988. Tunnel units according to 22 
these disclosures are shown in FIGS. 14A and 14B. As 
shown in these figures, each tunnel unit has a scanning 
head 110 and a specimen stage 120. The scanning head 
110 is provided with a piezoelectric element 113 capable 
of serving as a fine adjustment mechanism, and a probe 30 
115 mounted on the piezoelectric element 113. On the 
other hand, the specimen stage 120 is provided with 
three screws 112 whose ends project from the surface of 
the stage 120 on which specimens, such as a specimen 
124, may be placed. The scanning head 110 is disposed 
upon the ends of the three screws 112. When the screws 
112 are advanced or retracted by suitably rotating them, 
the space between the probe 115 provided on the scan- 
ning head 110 and the specimen 124 placed on the speci- 
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tunnel unit, the disassembly and reassembly of the 
springs 129 may cause the scanning head 110 to become 
inclined or subjected to impact, often resulting in the 
probe 115 craning into contact with the specimen stage 
120, the specimen 124, or other associated parts, thereby 
Awnflgmg the probe 115, the specimen 124, or the Eke. 

Furthermore, a tunnel unit in which the spherical 
permanent magnets 119 are used involves the risk that, 
when the scanning head 110 is being disposed on the 
specimen stage 120, these members may be abruptly 
attracted to each other by the magnetic force, damaging 
the probe 115, the specimen 124, or the like. Also, be- 
cause permanent magnet materials having a large coer- 
cive force, such as Alnico and ferrite, are in general 
hard and brittle, they can only be machined with diffi- 
culty. It is therefore difficult to machine such a material 
to assume a spherical configuration and, hence, to pro- 
vide it with a low level of surface roughness at least at 
the part where it is to come into contact with the scan- 
ning head 110. Another problem is that, if a sintered 
magnet material is used, voids or cavities tend to be 
formed in the spherical surface after surface machining, 
while if permanent magnets in which a plastic material 
is charged with needle-shaped particles of an iron- 
cobalt alloy are used, they may encounter such prob- 
lems as surface wear, a low level of rigidity, and a large 
coefficient of thermal expansion. 

•The formation of the opening 10a in the scanning 
head 110 involves the following problem. If any sound 
waves should propagate from the outside of the tunnel 
unit into the scanning head 110 through the opening 
10a, they may directly propagate to the piezoelectric 
element 113. In such cases, there is a risk of electric 
noise being generated. An STM of the type being dis- 
cussed employs tunnel current which is about 1 nA and 
is thus very small relative to the bias voltage applied 
between the probe 115 and the specimen 124, which is 
about 20 mV Therefore, if any electromagnetic waves 
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the probe 115 is formed through a side portion of the 
scanning head 110, The adjustment of the space be- 
tween the probe 115 and the specimen 124 is performed 
while the tip portion of the probe 115 is observed 
through the opening 10a and at a magnified scale 45 
achieved by using a magnifier. 

However, the rigidity of the tunnel unit is inadequate 
if the scanning head 110 is simply disposed upon the 
three screws 112. To overcome this problem, the tunnel 
unit has, eg., the following arrangement. That is, 30 
springs 129 are provided between the scanning head 110 
and the specimen stage 120 to apply tensile force be- 
tween these members, as shown in FIG. 14A, or spheri- 
cal permanent magnets 119 are mounted on the ends of 
the screws 112 and, simultaneously, the scanning head 35 
110 is formed of a magnetic body, as shown in FIG. 
146, thereby causing attraction by virtue of the mag- 
netic force. 

The conventional tunnel units, however, encounter 
the following problems. 60 

In a tunnel unit in which the springs 129 are used to 
pull the scanning head 110 and the specimen stage 120 
toward each other, the springs 129, which must be dis- 
assembled and reassembled each time the probe 115, the 
specimen 124 or the like is replaced, lead to inconve- 65 
nience. Particularly when springs 129 having a large 
spring constant are used or when a plurality of springs 
129 are used in order to enhance the rigidity of the 



head 110 through the opening 10a there is a risk of a 
great deal of electric noise being generated. Possible 
causes of electromagnetic waves entering the scanning 
head 110 include high voltage applied to the deflection 
electrode of a CRT combined with the STM to display, 
using the tunnel current, images of the surface of the 
specimen 124 for observation thereof In order to pre- 
vent any sound waves or electromagnetic waves from 
entering, observation has hitherto been conducted, with 
the scanning head 110 covered with a case formed of a 
plastic or metal material However, if the specimen 124 
has to be observed while such a case is covering the 
scanning head 110, the efficiency of an observation 
operation deteriorates greatly. 

SUMMARY OF THE INVENTION 

The present invention has been accomplished in 
order to overcome the above-described problems, and 
an object of the present invention is to provide a tunnel 
unit for a scanning tunneling microscope which pos- 
sesses a high level of mechanical rigidity and which 
allows the probe, the specimen and other associated 
parts to be replaced safely and easily. 

Another object of the present invention is to provide 
a scanning head for a scanning tunneling microscope 
which is capable of reducing the possibility of electric 
noise being generated, and of ensuring an operation of 
excellent efficiency. 



02/17/2004, EAST 



Version: 1.4.1 



4,947,042 



A tunnel unit for a scanning tunneling microscope 
according to the present invention comprises: a speci- 
men stage having a plurality of pole pieces joined to- 
gether via a joint member formed of a non-magnetic 
material, and a specimen placing surface where the 3 
plurality of pole pieces and the joint member are ex- 
posed; a permanent magnet rotatably inserted within 
the specimen stage and at the portion at which the plu- 
rality of pole pieces are joined; a scanning head main 
body disposed above die specimen placing surface of 10 
the specimen stage in such a manner as to extend across 
the exposed joint member; a piezoelectric element fixed 
to the scanning head main body; a probe mounted on 
the piezoelectric element; and screw means formed of a 
magnetic material and turnably mounted on the scan- 
ning head main body, the screw means having its end 
portions in contact with the specimen placing surface of 
the specimen stage such as to support the scanning head 
main body above the specimen placing surface of the 
specimen stage. 

The tunnel unit for a scanning tunneling microscope 
may further comprise: an auxiliary stage having a plu- 
rality of auxiliary-stage pole pieces joined together via 
an auxiliary-stage joint member formed of a non-mag- 
netic material, and a specimen stage disposing surface 
where the plurality of auxiliary-stage pole pieces and 
the auxiliary-stage joint member are exposed; and an 
auxiliary-stage permanent magnet rotatably inserted 
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FIG. II is a view illustrating positional relationships 
in the tunnel unit in accordance with the first embodi- 
ment; 

FIG. 2A is a partially cutaway perspective view of a 
tunnel unit in accordance with a second embodiment; 

FIG. 2B is a sectional view taken along the line 
VI— VI shown in FIG. 2A; 

FIG. 3A is a perspective view of a specimen stage 
used in a third embodiment; 

FIG S. 3B through 3D are perspective views showing 
various modifications of the third embodiment; 

FIGS. 3E through 3G are perspective views showing 
a fourth embodiment; 

FIG. 4A is a perspective view showing a fifth em- 
bodiment; 

FIGS. 4B through 4D are perspective views showing 
various modifications of the fifth embodiment; 

FIG. 5A is a p er sp e c tive view showing a sixth em- 
bodiment; 

FIG. SB is a perspective view showing a modification 
of the sixth embodiment; 

FIGS. 5C through 5K are perspective views used to 
explain various other modifications of the sixth embodi- 
ment; . 

FIGS. 6A and 6B are perspective views showing a 
seventh embodiment; 

FIGS. 6C and 6D are perspective views showing 
various modifications of the seventh embodiment; 
FIG. 7A is a partially cutaway per sp ec ti ve view of a 



within the auxiliary stage and at the portion at which ^ scanning ^ used in an eighth embodiment; 
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the plurality of auxiliary-stage pole pieces are joined, 
the specimen stage being disposed upon the specimen 
stage disposing surface of the auxiliary stage. 

A scanning head for a scanning tunneling microscope 
according to the present invention comprises: a scan- 
ning head main body having an opening formed therein 
for observation; a piezoelectric element fixed to the 
scanning head main body and disposed inside the scan- 
ning head main body; a probe mounted on the piezo- 
electric element and disposed in the vicinity of the 40 
opening of the scanning head main body; and an obser- 
vation window body provided in the opening of the 
scanning head main body in such a manner as to close 
the opening, the observation window body being opti- 
cally transparent and capable of preventing the inside of 45 
the scanning main body from being subjected to exter- 
nal disturbance. 

BRIEF DESCRIPTION OF THE DRAWINGS 



FIG. 7B is a partially cutaway perspective view 
showing a modification of the eighth embodiment; 

FIGS. 7C and 7D are circuit diagrams showing elec- 
tric circuits which may be used in the modification 
shown in FIG. 7B; 

FIG. 8 A is a p ers p e cti ve view showing a ninth em- 
bodiment; 

FIGS. 8B and 8C are perspective views showing 
various modifications of the ninth embodiment; 

FIG. 9 A is a perspective view showing a tenth em- 
bodiment; 

FIG. 9B is a sectional view taken along the line VH- 
— VII shown in FIG. 9 A; 

FIG. 10A is a perspective view showing essential 
parts of an eleventh embodiment; 

FIG. 10B is a sectional view taken along the Hne 
VUJ-Vm shown in FIG. 10A; 

FIGS. 10C through I0H are views showing various 
modiftcations of the eleventh embodiment, FIGS. 10D, 
FIG. 1A is a perspective view of a tunnel unit for an 50 10F and 10H being sectional views respectively taken 



STM, in accordance with a first embodiment of the 
present invention; 

FIG. IB is a sectional view taken along the Hne I— I 
shown in FIG. LA; 

FIG. 1C is a view showing the arrangement in which 55 
three screws and a probe of the tunnel unit are disposed 
in a plane; 

FIG. ID is a sectional view taken along the line 
II— II shown in FIG. 1A; 

FIG. IE is a sectional view taken along the line III- 60 
— Ill shown in FIG. 1A; 

FIG. IF is a perspective view showing the operating 
state of the tunnel unit in accordance with the first 
embodiment; 

FIG. 1G is a sectional view taken along the line 65 

IV— IV shown in FIG. IF; 

FIG. 1H is a sectional view taken along the line 

V— V shown in FIG. IF; 



along the line IX— DC shown in FIG. 10C the Hne 
X— X shown in FIG. I0E, and the Hne XI— XI shown 
in FIG. 10G; 

FIG. 11A is a perspective view showing essential 
parts of a twelfth embodiment; 

FIG. 11B is a sectional view taken along the Hne 
XH— XH shown in FIG. 11A; 

FIGS. 11C through 11F are views showing various 
modifications of the twelfth embodiment, FIGS. 11D 
and 11F being sectional views respectively taken along 
the Hne Xm— Xm shown in FIG. 11C, and the Hne 

XIV— XIV shown in FIG. 11E; 

FIG. 12A is a p er sp ective view showing essential 
parts of a thirteenth embodiment; 
FIG. 12B is a sectional view taken along the Hne 

XV— XV shown in FIG. 12A; 

FIG. 12C is a perspective view showing a modifica- 
tion of the thirteenth embodiment; 
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FIG. 12D is a sectional view taken along the line called M2, both the center of the piezoelectric element 
XVI— XVI shown in FIG. 12Q 113 and that of the probe 115 are positioned on a 

FIG. 13 is a perspective view showing a fourteenth straight line D1-D2 passing through the screw M2 and 
embodiment; and perpendicular to the base P of the isosceles triangle. In 

FIGS. 14A and 14B are perspective views of conven- 5 particular, the probe 115 is disposed at a position which 
tional tunnel units. is deviated from the base P of the isosceles triangle by a 

short distance B. The end portion of each screw 112 

DESCRIPTION OF THE PREFERRED ^ projects downward from the lower surface of the 

EMBODIMENTS scanning head main body 1U is in contact with the 

Embodiments of the present invention will be de- 10 specimen placing surface 120a of .the specimen stage 
scribed hereunder with reference to the accompanying 120, thereby allowing the scanning head main body 111 
drawings. to be located above the specimen placing surface 120a 

Referring to FIG. 1A, a tunnel unit in accordance of the specimen stage 120; together with the piezoelec- 
with a first embodiment of the present invention has a trie element 113 and the probe 115. The length by 
specimen stage 120 disposed upon a unit base 130, and a IS which each screw 112 projects from the lower surface 
scanning head 110 disposed upon the specimen stage of the scanning head main body 111 can be adjusted by 
120. rotating the screw 11Z 

The unit base 130 is formed of a material having Although not shown, the piezoelectric element 113 is 
strong magnetic properties, and has a specimen stage provided with a plurality of electrodes for enabling the 
disposing surface 130a which is horizontal. 20 probe 115 to perform toee-dimensional fine scanning. 

The specimen stage 120 is formed of a material hav- Further, the tunnel unit is connected to various circuits 
ing a high magnetic permeability, and has two pole such as a power source for applying voltage to these 
pieces 122 each having the configuration that can be electrodes, a bias voltage source for applying voltage 
obtained by longitudinally bisecting a circular cylinder. between the probe 115 and the specimen concerned, a 
These pole pieces 122 are joined to each other via joint 23 feedback circuit operative to detect the tunnel current 
members 123 formed of a non-magnetic material to flowing between the probe 115 and the specimen and to 
form one circular cylinder. The lower end face of this maintain the tunnel current at a set value, and a display 
circular cylinder is disposed on the specimen stage dis- capable of displaying images of the surface of the sped- 
posing surface 130a of the unit base 130, while the upper men for observation. 

end face defines a specimen placing surface 120a. 30 Next, the operation of the first embodiment win be 
A circular hole is formed at the joint of the two pole described. First, as shown in FIG. 1A, the permanent 
pieces 122, and the circular hole extends horizontally magnet 121 is set at a rotational position thereof at 
along the plane of joint A permanent magnet 121 is which the line connecting the N and S poles of the 
rotatably received within the circular hole. The perma- permanent magnet 121 parallel with the plane of joint of 
nent magnet 121 has a configuration obtained by cutting 35 the two pole pieces 122. Subsequently, as shown in 
portions of a round bar on two opposite sides by equal FIG. IB, a specimen 124 is mounted on the specimen 
amounts, thereby providing flat cut-surfaces. The per- placing surface 120a of the specimen stage 120 and on 
manent magnet 121 is magnetized in the direction of the one of the joint members 123 Which is exposed on this 
line connecting two circular arcs described by the re- specimen placing surface 120a Thereafter, the speci- 
maining portions that are not cut The flat cut-surfaces 40 men stage 120 with the specimen 124 is disposed upon 
are provided rh order to reduce the level of leakage of the specimen stage disposing surface 130a of the unit 
magnetic flux. base 130. 

The scanning head 110 is formed of a material having Subsequently, the scanning head 110 is disposed upon 
a high magnetic permeability, and it has a circular cyKn- the specimen placing surface 120a of the specimen stage 
drical scanning head main body 111 in which a through 45 120 in such a manner that the tip of the probe 115 is 
hole extending from the upper surface to the lower positioned immediately above the specimen 124. At this 
surface is formed in the vicinity of the center. A circular time, the two Ml of the three screws 112 provided in 
cylindrical piezoelectric element 113 is received within the scanning head 110 are positioned on either side of 
the through hole formed in the scanning head main the joint member 123 exposed on the specimen placing 
body 111. As shown in FIG. IB, the upper end portion 50 surface 120a of the specimen stage 120, while the other 
of the piezoelectric element 113 is fixed to the inner wall screw M2 is positioned on the exposed joint member 
of the through hole of the scanning head main body 111 123. The height of the three screws 112 must be previ- 
by a fixing member 114 having electrically insulating ously adjusted in order to prevent the tip of the probe 
properties. A probe 115 is mounted on a lower end 115 from either coming into contact with or becoming 
portion of the piezoelectric element 113. 55 excessively far from the specimen 124 when the scan- 

Referring to FIG. 1A, three screws 112 are provided ning head 110 is disposed upon the specimen placing 
in the scanning head main body 111 at predetermined surface 120a. Also at this time, as shown in FIGS. ID 
intervals around the circumference of the main body and IE, the magnetic flux tf> flowing from the perma- 
111, and these screws 112 are threaded into the scanning nent magnet 121 flows substantially solely within the 
head main body 111 by passing therethrough from the 60 pole pieces 122. Consequently, no magnetic attraction 
upper surface to the lower surface. The screws 112 are occurs between the specimen stage 120 on one hand, 
formed of a material having a high magnetic permeabil- and the unit base 130 or the scanning head 110 on the 
ity. As shown in FIG. 1C, these three screws 112 are other. Thus, there is no risk of any magnetic attraction 
disposed in a plane (X-Y plane) at positions which de- occurring abruptly when the specimen stage 120 is 
fine an equilateral or isosceles triangle. Also, if two 65 being disposed upon the unit base 130 or when the scan- 
screws 112 positioned at either end of the base P of the ning head 110 is being disposed upon the specimen stage 
isosceles (or equilateral) triangle formed by the three 120, thereby preventing the probe 115, the specimen 
screws 112 are called Ml, while the other screw 112 is 124 or the like from becoming damaged. The above- 
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described state in which the magnetic flux $ flowing joint member 123. Also in this embodiment a meta l 
from the permanent magnet 121 flows substantially sphere 1122 is provided at the end 1 126 of each of the 
solely within the pole pieces 122 will hereafter be re* IcTews 112 which are in contact with a specimen plac- 
ferred to as the "open state of the magnetic circuiT. "mg surface 120a A plurality of electrodes 1131 ar e 
Thereafter, as shown in FIG. 1F ( the permanent mag- 3 provided on the inner and outer peripheral surfaces of a 
net 121 is rotated in such a manner *h*t the line connect* circular cylindrical piezoelectric element 113, and the 
ing the N and S poles becomes normal to the plane of electrodes 1131 are connected to a plurality of leads 
joint of the two pole pieces 122. With this state, three 113Z A probe 115 is connected to a lead 1151. Further, 
kinds of magnetic flux flow from the permanent magnet a permanent magnet 121 has a handle 1211 provided o n 
121, as shown in FIGS. 1G and 1H. That is, magnetic 10 one enc tnereoi tor causing the rotation of the perma- 
flux <f>l flows through the two screws Ml, the scanning neat magnet 121 . The permanent magnet 121 is received 
head main body 111, and the pole pieces 122, magnetic within a circular hole formed in pole pieces 12 2, with , a 
flux <f>2 flows through the other screw M2 and the pole lubricant 1212 being provided between the magnet 12 1 
pieces 122, and magnetic flux $3 flows through the unit and the circular hole . 

base 130 and the pole pieces 121 Consequently, strong 15 Next, the tunnel unit ofthe second embodiment will 
magnetic attraction occurs between the specimen stage be described in detail concerning the materials, the 
120 and the unit base 130 and between the specimen dimensions, etc of members thereof, 
stage 120 and the scanning head 110, thereby achieving A material which has a small coefficient of thermal 
a highly rigid tunnel unit The above-described state in expansion, strong magnetic properties, and a high mag- 
which the magnetic flux 4> flows in this way from the 20 netic permeability may be used to form the scanning 
permanent magnet 121 to the screws 112 of the scanning head main body 111. For instance, Invar (Fe: 64%, Ni: 
head 110 and to the unit base 130 will hereafter be re- 36%) which exhibits a thermal expansion coefficient of 
ferred to as the "closed state of the magnetic circuit". 2X 10~ 6 /* C or less at a temperature between 30* and 
Thereafter, the screw M2 is rotated in such a manner 100* C, or super-Invar (Fe: 63%, Ni: 32%, Co: 5%) 
as to bring the tip of the probe 115 close to the surface 25 which exhibits a thermal expansion coefficient of 
of the specimen 124. As has been described before refer- 1.3xM>- 6 /* C or less at a temperature within the 
ring to FIG. 1C, the probe 115 is separated the distance above-mentioned range may be used. 
B from the base P of the isosceles triangle formed by the The three screws 112 are formed from a material in 
three screws' 11Z Therefore, if the distance from the which lead (Pb) or sulphur (S) is added to pure iron (Fe) 
base P to the screw M2 is called A (>B), as will be 30 in order to improve mechanical characteristics such as 
understood referring to FIG. 11 showing positional hardness and cutting pro per ti es. Each of the screws 112 
relationships in a vertical plane (Y-Z plane), when the may be, for instance, a unified fine thread (JIS B 0208) 
screw M2 is rotated to provide a vertical difference H, having an outer diameter of 174 in., a pitch p of 0.317S 
the base P connecting the two screws MI acts as the mm, and SO threads per inch. An example which may be 
fulcrum of the vertical movement of the probe 115 35 used as the metal sphere 1122 provided at the end lt2b 
through a vertical difference h which is reduced at a of each of the screws 112 is a steel sphere (JIS B 1501) 
ratio substantially equal to the ratio B/A. This reduc- of 3/16 in. which is prepared for use in a ball bearing, 
don ratio is determined by the distance C, shown in Such a steel sphere is mounted onto each screw 112 by 
FIG. 1C, between the center 01 of the scanning head caulking the sphere into a recess formed at the end 1126 
111 and the center 02 of the circular cylindrical piezo- 40 of the screw 112. The internally threaded collar 1121 
' electric element 113 on which the probe 115 is mounted. associated with the screw M2 positioned on the joint 
Thus, the reduction ratio can be set at any desired value member 123 ts formed of a non-magnetic material such 
during manufacture of the tunnel unit as brass (Cu: 70%, Zn: 30%), and the collar 1121 is fixed 

A certain bias voltage is applied between the probe in place by fitting it within the scanning head main body 
115 and the specimen 124 to which the probe 115 has 45 111. Internal threads associated with the other two 
been brought close in this way. While the probe 115 is screws Ml that are not positioned on the joint member 
caused to p e rform two-dimensional (X-Y) scanning by 123 are formed directly in the scanning head main body 
the action of the piezoelectric element 113, the screw 111. 

M2 is rotated to bring the probe 115 closer to the specv A material which may be used to form the piezoelec- 
men 124. When the tunnel current flowing between the 50 trie element 113 is, fox instance, lead titanic zirconia 
probe 115 and the specimen 124 have reached a set (Pb(Zr — Tips) having a piezoelectric deformation con- 
value, the feedback circuit is actuated and feedback stant d =-200x 10-~ 12 m/V, and a Curie temperature of 
control with respect to the electrode that is provided in about 200* C The electrodes 1131 comprise electrodes 
the piezoelectric element 113 in the Z direction is ef- provided on the outer peripheral surface of the circular 
fected in such a manner as to in»mt»ni the tunnel cur- 55 cylindrical piezoelectric element 113 and divided into 
rent at the set value while the probe 115 performs scan- four parts parallel to the axis of the circular cylinder, 
ningin the Z direction. The thus obtained X-Y scanning and an electrode provided on the entire inner peripheral 
amount and the Z-direction feedback amount are dis- surface of the element 113. These electrodes are formed 
played on the display, so that images of the surface of by baking of silver or electroless plating of nickel to a 
the specimen 124 are displayed for observation. 60 thickness of, e.g., about 3 urn. The leads 1132 comprise 

Referring next to FIG. 2A, there is shown a tunnel leads for applying, during two-dimensional (X-Y) scan- 
unit in accordance with a second embodiment of the ning, triangular-wave voltages Vx-K Vx— , Vy+, and 
present invention. Vy— to the fourparts electrodes provided on the outer 

According to this embodiment, an internally peripheral surface of the piezoelectric element 113, and 
threaded collar 1121 formed of a non-magnetic material 65 a lead for applying, during scanning in the Z direction, 
is provided in a scanning head main body 111, and -the a voltage Vz to the electrode provided on the inner 
collar 1121 is in threaded engagement with the one M2 peripheral surface of the piezoelectric element 113. 
of three screws 112 that is positioned on an exposed These leads are connected to the corresponding elec- 
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trades by means of, cg^ a neutral solder containing formed of, for instance; an l&-chrome stainl e ss steel (Cn 
resin. The fixing member 114 provided to fix the piezo- 18%, Fe: 82 %) which is a strongly magnetic material 
electric clement 113 to the scanning head mum body 111 The tunnel unit in accordance with the second em- 
is formed using an epoxy resin having thixotropic prop- bodiment operates in the associated STM in the same 
erties for the purpose of preventing any sagging of the 5 manner as the tunnel unit of the first embodiment 
liquid, and an aromatic-amine based hardener. According to the second embodiment, because the 

The probe 115 is formed of a piece of wire, having a nonmagnetic, internally threaded collar 1121 is used as 
diameter of 0.23 ww, of tungsten (W) or a platinum- the internal thread associated with the screw M2, and 
iridium (Pt: 90%- In 10%) alloy, with the tip of the wire because the metal spheres (1122) are mounted at the 
sharpened by mechanical machining or electrolytic 10 ends (1126) of the corresponding screws 112, the fol- 
polishing. The probe 115 is mounted on one end of the lowing advantageous effects are provided. First, die 
piezoelectric element 113. three screws 112 are allowed to come into point-contact 

When the piezoelectric element 113 on which is with the specimen placing surface 120a of the specimen 
mounted the probe 115 is to be fixed to the scanning stage 120 through the metal spheres 1122, thereby 
head body 111 by the fixing member 114, the IS achieving a large reduction in the level of play of each 
arrangement of the pertinent members in the X-Y plane screw 112 when it is being rotated Further, since the 
is, for example, as follows. The three screws 112 are screw M2 is threaded into the nonmagnetic internally 
disposed in such a manner as to define an equilateral threaded collar 1121, the magnetic flux <p2 flowing from 
triangle within a pitch circle of 50 mm <f> t and the probe the permanent magnet 121 while the magnetic circuit is 
115 is disposed in such a manner that its tip is outward 20 closed does not pass through the internally threaded 
of the triangle and is separated from the base P of the collar 1121, but it passes only through the pole pieces 
triangle by a distance of 3.5 mm measured on the per- 122 and the metal sphere 1122 provided at the end of the 
pendicular bisector of the base P connecting the two screw M2, as shown in FIG. 2B. As a result, die exter- 
screws ML With this arrangement, since the height A of nal and internal thread portions around the screw M2 
the triangle (shown in FIG. IQ =37.5 mm, and the 25 are prevented from being attracted to each other by the 
distance B between the probe 115 and the base P (also magnetic force, thereby allowing the screw M2 to be 
shown in FIG. 1Q =3.5 mm, the reduction ratio h/H manually rotated, thus enabling the tip of the probe 115 
(shown in FIG. 11) is substantially equal to the ratio to be smoothly brought close to the specimen 124. 
B/A= 0.093. As a result, when the screw M2 is rotated FIG. 3A shows a specimen stage 120 of a tunnel unit 
through 360", the probe 115 is vertically moved 30 in accordance with a third embodiment In this third 
through pX(B/A)=0.03 mm, whereas, when the screw embodiment, pole pieces 122 comprise first and second 
M2 is rotated through 360*/72 (Le., 5*), the probe 115 is pieces each having the configuration obtained by longi- 
vertically moved through 0.4 pun (ie., 4000 A). In this tudinally bisecting a circular cylinder, and a third piece 
way, if the piezoelectric element 113 used comprises a having the configuration of a flat plate, these first to 
circular cylinder having an outer diameter =12 mm, an 35 third pieces being joined together via joint members 
fanpr diameter = 10 mm, a wall thickness W= 1 mm, and 123. The first and second pieces constituting the pole 
a length L=40 mm, and is formed of a piezoelectric pieces 122 have, in the upper portions thereof, a pair of 
material having a piezoelectric deformation constant steps opposing each other. These steps define a recess, 
d=> — 200 X 10- 12 m/V, when the unit voltage is applied within which the third piece is disposed. With tms ar- 
to the outer and inner walls of the piezoelectric element 40 rangement, therefore, two parallel parts 123a and 123fr 
113, a displacement sensitivity dxL/W=80 A/V is of one of the joint members 123 are exposed on a speci- 
achieved. This means that, the application of the volt- men placing surface 120a Two Ml of screws 112 are 
age Vz of ± 100 V causes the tip of the probe 115 to be positioned on one 123a of the two parallel parts, while 
displaced through ±8000 A, which displacement is the other screw M2 is positioned on the other part 123A. 
sufficient to enable the tunnel current flowing in the 45 By virtue of this arrangement, the magnetic flux flow- 
probe 115 to be detected and controlled by the feedback ing from a permanent magnet 121 flows in the same 
circuit manner with respect to each of the three screws 112 as 

A material which may be used to form the permanent the manner in which the magnetic flux shown in FIG. 
magnet 121 is a precipitation hardened magnetic alloy 2B flows with respect to the screw M2, thereby en- 
such as anisotropic Alnico 8 (Al, Ni, Co, Ti, Fe). The 50 abling a scanning head 110 to be strongly magnetically 
magnetic properties of the magnet 121 are represented attracted to the specimen stage 120. 
by a coercive force of 1 10 KA/m, a residual magnetiza- Alternatively, as shown in FIG. 3B, a V-shaped 
tion of 0.9 T, and the niaximum energy product of 40 groove 1231 may be formed along the one 123a of the 
KJ/m 3 . The pole pieces 122 are formed using a material two parallel parts exposed on the specimen placing 
having a high magnetic permeability, such as magnetic 55 surface 120a, with either the end portions of the two 
soft iron (Fe) ox low-silicon steel (Si: 1 to l.S %, the screws Ml of the associated scanning head 110 or metal 
remainder comprising Fe). The joint members 123 are spheres 1122 at the ends of these screws Ml being re- 
formed from a brazing solder such as brass (Cu: 70 %, ceived within the V-shaped groove 1231, as shown in 
Zn: 30 %\ The handle 1211, which is provided to ro tate FIG. 3C. By virtue of this arrangement, position deter- 
the permanent magnet 121 and to prevent any disen- 60 mining in the Y direction shown in FIG. 3C is facili- 
gagement of the nia g neT12rfromlhe" pole geces 122, is tated when the scanning head 110 is being disposed 
"formed of. for instance, a plastic material and is fixed t o upon the specimen placing surface 120& 
one end fa cr of the permanent magnet 121 by^ means of Still alternatively, as shown in FIG. 3D, a v-shaped 
an" epoxy mmWJ^ y ^/C^Ma^^ ^^jmy^JX^ groove 1231 may be formed along the one 123a of the 
aTthT'lubncant 1 212 is a material havin g a relativ ely 65 two parallel parts of the joint member 123 in such a 
Taifch'viscosity such as gre ase, and such a material is used manner as to extend to a mid portion thereof and, simul- 
fyglwaysmAintain a certain gap betwe en th e perman ent taneously, one conical groove 1232 may be formed in 
ma gnet 121 and tfiepole pieces 122TThe nnifbase 130 is another portion of that one parallel part 123a, with 
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either the end portions of the two screws Ml or the disposed upon the specimen stage disposing surface 

metal spheres 1122 being respectively received in the 120A of the auxiliary stage 120B. The specimen stage 

V-shaped groove 1231 and the conical groove 1232. By 120 is disposed in such a manner that the associated 

virtue of this arrangement, position determining in the permanent magnet 121 is normal to the permanent mag- 

X direction as well as in the Y direction is facilitated 3 net 121B of the auxiliary stage 120B. Although not 

when the scanning head 110 is being disposed upon the shown in FIG. 4A, a scanning head 110 is disposed upon 

specimen placing surface 120a the specimen stage 120. 

FIG. 3E shows a specimen stage 120 of a tunnel unit By virtue of the above-described arrangement, the 

in accordance with a fourth embodiment of the present following magnetic attraction, described below under 

invention. According to this embodiment, the specimen 10 Items [A] to [CI can be achieved, 

stage 120 has two pole pieces 122 of the same type as [AJWhen the magnetic circuit is simultaneously open 

that shown in FIG. 1A. A specimen placing surface in each of the specimen stage 120 and the auxiliary stage 

12fa of the specimen stage 120 has one V-shaped 1?*^ "Apr o* 1 *V «g*immg iifl, th» gp^imwi stage 

groove 1231 formed therein in such a manner as to 120, the auxiliary stage 120B, and the unit base 130 

extend across one of the joint members 123 which is 13 magnetically attract one another, 

exposed on the specimen placing surface 120a, and one [BlWhen the magn e tic circuit is closed in the auxil- 

conical groove 1232 formed in that joint member 123. iary stage 120B alone, the specimen stage 120, the auxil- 

The tunnel unit is used while either the end portions or iary stage 120B, and the unit base 130 magnetically 

the associated metal spheres 1122 of two Ml of the attract one another, but the scanning head 110 is kept 

screws are received within the V-shaped groove 1231 20 from being magnetically attracted to the specimen stage 

and the end portion or the associated metal sphere 1122 120. 

of the other screw M2 is received within the conical [CJWhen the m ag net ic circuit is simultaneously 
groove 1232. By virtue of this arrangement, position closed in each of the specimen stage 120 and the auxO- 
detennining in the X and Y directions is facilitated iary stage 120B, all the scanning head 110, the specimen 
when the OTwmtH yawning « h™g disposed 23 stage 120, the auxiliary stage 120B, and the unit base 130 
upon the specimen placing surface 120a Also, when the magnetically attract one another, 
screw M2 is being rotated, it can be prevented from Therefore, when the operations under [A]and [B]are 
rolling and, hence, from being displaced in the X-Y successively p erf or med in this order, the specimen stage 
plane. 120 is rigidly fixed in place above the unit base 130, 
Alternatively, as shown in FIG. 3F, two V-shaped 30 together with the auxiliary stage 120B . Thereafter, 
grooves 1231 may be formed on either side of the joint when the operation under [C] is performed, the scan- 
member 123 in such a manner that neither of the V- ning head 110 can be fixed to the specimen stage 120. In 
shaped grooves intersects the joint member 123 and, this way, it is possible to disassemble and reass emb le the 
accordingly, no groove is formed in the center of the scanning head 110 alone, thereby facilitating operations 
specimen placing surface 120a. By virtue of this ar- 33 such as the replacement of the probe 115 or the speci- 
rangement, it is possible to facilitate the placing of spec- men 124. 

imens 124 of small sizes on the specimen placing surface Alternatively, as shown in FIG. 4B, an electrically 

120a FIG. 3G shows a specimen holder 1241 for hold- insulating portion 120C formed of a material possessing 

ing a specimen 1241. The specimen holder 1241 is electrically insulating and adhesive characteristics, such 

formed of a material having a high magnetic permeabil- 40 as an epoxy resin having a high volume resistivity, may 

fry and has a pair of legs 1242. In compliance with these be provided between the auxiliary stage 120B and the 

legs 1242, the V-shaped grooves 1231 formed in the specimen stage 120. In this case, since the specimen 

specimen stage 120 shown in FIG. 3F have holes 1233 stage 120 on winch specimens 124 may be placed and 

formed at the ends thereof that are closer to the joint the unit base 130 are electrically insulated, it is possible 

member 123. With this arrangement, when the associ- 43 to form a voltage circuit in which the bias voltage to be 

ated permanent magnet 121 is rotated to close the mag- applied between the probe 115 and the specimen 124 

netic circuit after the achievement of a condition in can be easily set to either of positive and negative volt- 

which the pair of legs 1242 of the specimen holder 1241 ages. 

are received in the holes 1233 at the ends of the V- Sail alternatively, as shown in FIG. 4C, a notch 
shaped grooves 1231 of the specimen stage 120, and part 30 120Bb may be formed in the lower end face of the auxil- 

of a specimen 124 is held beneath the specimen holder iary stage 120B and along the joint of the two pole 

1241, the specimen holder 1241 is attracted to the speci- pieces 122B. By virtue of this arrangement, since por- 

men stage 120 by the magnetic force, thereby allowing tions of the two pole pieces 122B at which they are in 

the specimen 124 to be secured in place. contact with the unit base 130 can be separated from 
A fifth embodiment of the present invention is shown 33 each other, the auxiliary stage 120B can be magnetically 

in FIG. 4A In this embodiment, an auxiliary stage 120B attracted to the unit base 130 with improved mechanical 

is provided between a specimen stage 120, such as that stability and rigidity. Further, as shown in FIG. 4D, an 

shown in FIG. 3B, and a unit base 130. The auxiliary electrically insulating portion 120C having a magnetic 

stage 120B is similar to the specimen stage 120 shown in permeability and electrically insulating characteristics, 
FIG. 1A in that the auxiliary stage 120B has a pair of 60 such as a mixture of an epoxy resin which is an electrical 

second pole pieces 122B joined to each other via second insulator, and fine particles of a substance having a high 

joint members 123B, and a second permanent magnet magnetic permeability dispersed therein, may be pro- 

121B rotatably inserted at the joint of these second pole vided at the portions of the two pole pieces 122B where 

pieces 122B. Also, the auxiliary stage 120B has aconfig- they are in contact with the unit base 130. 
uration forming a circular cylinder. The upper end face 63 A sixth embodiment of the present invention is shown 

of the circular cylinder defines a specimen stage dispos- in FIG. 5A. A scanning head 110 has three screws 112 

ing surface 120A The auxiliary stage 120B is disposed which each comprise a micrometer 112A. According to 

upon the unit base 130, and a specimen stage 120 is this embodiment, h is possible to vertically move the 
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ggannifig head 110 while the scales of these micrometers 
112A are being read. Thus, it is possible to estimate the 
distance between the assoriatrri probe 115 and the spec- 
imen 124 which are being brought close to each other, 
and to reduce the risk that the probe 115 may collide 
with the specimen 124. Further, if micrometers 112A 
provided with click-generating knobs 112B are used, as 
shown in FIG. 5B, since clicks can be sensed by the 
operator each time the screw 112 is manually rotated 



head main bodies 111 provided with piezoelectric ele- 
ments 113 of different lengths L are used by suitably 
replacing them with one another, the range and scope 
for the observation of specimens 124 can be selected. 

Alternatively, as shown in FIG. <5C, if the scanning 
head main body HI is assembled onto the head adapter 
110A by means of a screw socket 110& it is possible to 
achieve rigid fixing. Still alternatively, a collet chuck 
110c may be provided between the head adapter 110A 



through a constant small rotational angle, the operator 10 and the scanning head main body 111 so that the scan- 



can directly know the fact that the probe 115 is being 
brought close to the specimen 124* and, in addition, the 
distance between the probe 115 and the specimen 124 
being brought close to each other can be estimated 
easily by counting the number of clicks generated. Such 
a click-generating knob 112B may be achieved by pro- 
viding a plurality of small steel balls around the axis of 
each micrometer H2A, and also providing rectangular 
springs in the gaps between the steel balls, thereby pro- 
viding one type of a miniature ball bearing. 

Alternatively, as shown in FIGS. 5C and 5D, a metal 
hemisphere 1123 may be mounted at the end 1126 of the 
screw M2 positioned on the joint member 123 that is 
exposed on the specimen placing surface 120a of the 
specimen stage 120, the outer side of the metal hemi- 
sphere 1123 having grooves 1124, such as those recess- 
shaped or V-shaped, formed therein at equal intervals 
and extending parallel with the axis of the screw M2. 
The screw M2 having this arrangement may be rotated, 



ning head main body 111 is fixed in place by the collet 
chuck 110c In this case, the assembly and disassembly 
of the scanning head main body 111, which is effected 
by opening and closing a collet chuck lever HOd, is 
IS much facilitated, and, in addition, rigid fixing can be 
achieved. 

FIG. 7A shows an eighth embodiment of the present 
invention. In this mbodiment, a scanning head main 
body 111 of a scanning head 110 incorporates a preara- 
20 plifier HOD provided for amplifying the tunnel current 
from the associated probe 115. By virtue of this arrange- 
ment, according to this embodiment, it is possible to 
obtain an electric signal which is proportional to the 
tunnel current and is not affected by any external noise. 
25 Alternatively, as shown in FIG. 7B, the tunnel unit may 
further include an electric shielding cover HOE pro- 
vided at the upper portion of the scanning head main 
body 111, and a display lamp 110F, such as an LED 
lamp, provided on the shielding cover HOE and capable 



as shown in FIGS. 5E to 5G, on a flat joint member 123, 30 of turning off when the runnel current flowing through 
in a v-shaped groove 1231 formed in a joint member the probe 115 has reached a set value. Since the display 
123, or in a conical groove 1232 formed in a joint mem- lamp 110F is turns off upon the achievement of a set 
ber 123. In this case, as shown in FIGS. 5H and 51, in value of the tunnel current, there is no risk of any dec- 
accordance with the position of the grooves 1124 trie noise being generated by the display lamp 110F 
formed in the metal hemisphere 1123, the magnetic flux 35 during the operation of the tunnel unit In addition, 
flowing through the associated two pole pieces 122 and since the display lamp U0F is turned on and off inde- 
the metal hemisphere 1123 changes from magnetic flux pendently from whether the bias voltage applied be- 
<J4 to magnetic flux <f>5. As a result, when the screw M2 tween the probe 115 and the specimen 124 is positive or 
is being manually rotated, clicks are sensed by the oper- negative, an absolute amplifier to which the output of a 
ator. This allows the operator to directly know the fact 40 preamplifier HOD is supplied as an input signal may be 
that the probe 115 is being brought close to the sped- incorporated within the scanning head main body 111, 
men 124* and to easily estimate the distance between the together with the preamplifier HOD. An example of an 
probe 115 and the specimen 124 being brought close to electric circuit comprising a preamplifier HOD and a 
each other by counting the number of clicks generated. display lamp 110F is shown in FIG. 7C, while an exam- 
In the case where no metal sphere 1122 nor metal henri- 43 pie of an electric circuit comprising a preamplifier 
sphere 1123 are provided, and the end portion of the HOD, an absolute amplifier, and a display lamp 110F is 
screw M2 is directly brought into contact with the joint shown in FIG. 7D. 

member 123, recess-shaped grooves 1125, V-shaped A ninth embodiment of the present invention is 
grooves 1126, or the like may be formed in the outer shown in FIG. OA. In this embodiment, an opening Ilia 
periphery at the end portion of the screw M2, as shown 30 is formed at a portion of a scanning head main body 111, 
in FIGS. 5J and 5K in order that clicks may be sensed thereby enabling the probe 115 and the specimen 124 to 
by the operator while the screw M2 is manually rotated. be visually observed through the opening 111a By vir- 
A seventh embodiment of the present invention is tue of this arrangement, it is possible to directly observe 
shown in FIGS. 6A and 6B. In this embodiment, a scan- the probe 115 and the specimen 124 brought close to 
ning head U0 comprises a scanning head main body 111 55 each other by rotating screws 112. Alternatively, as 
and a head adapter 110A, and three screws 112 are shown in FIG. 8B, an opening 111a may be formed in 
mounted on a flange HOB of the head adapter 110A. the scanning head main body HI in such a manner as to 
The scanning head main body 111 is inserted into a completely separate two Ml of the screws 112. With this 
through hole formed in the center of the head adapter arrangement, the tip of the probe 115 can be observed 
110A and is fixed in place by stopper screws 110a Ac- 60 more easily. If notches 1116 of a suitable depth and a 
cording to this embodiment, the scanning head main suitable width are simultaneously formed between the 
body 111 and the head adapter U0A can be easily as- other screw M2 and each of the two screws Ml in order 
sembled and disassembled, and the replacement of the to adjust the distribution of the weight of the scanning 
Rrewnmg head main body 111 enables the use of circular head 110, the weight of the scanning head HO applied 
cylindrical piezoelectric elements 113 of different 65 to the three screws 112 can be distributed with good 
- lengths L. Specifically, since the displacement sensitiv- balance. . 
ity of a circular cylinder piezoelectric element 113 is Further, as shown in FIG. 8C, an illuminating lamp 
expressed as dxL/W, as described before, if scanning HOG may be provided in the vicinity of an opening HI 
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provided for observing the probe 115. The provision of The magnifying lens 1161 may be disposed with its 

the lamp HOG facilitates the observation of the probe optical axis extending perpendicular to the Z-direction 

115. In addition, if an acuminating lamp 110G capable of of the piezoelectric element 113. Alternatively, the 

generating light within a specific range of wavelength is magnifying lens 1161 may be disposed obliquely so as to 

used, the following advantage is provided. When the 5 facilitate the observation of the tip of the probe 115 and 

light from such a lamp HOG is radiated onto the surface the specimen 124. If threads are formed in the outer 

of a specimen 124 which is formed of a semiconductor periphery of the magnifying lens 1161 and the inner 

having a low carrier density, an optically excited carrier periphery of a through hole formed in the window main 

is produced, thereby facilitating the operation of die body 1160 to fit the magnifying lens 1161 therein, and in 

associated STM 10 such a manner as to allow mutual engagement of these 

A tenth embodiment of the present invention is threads, the depth with which the magnifying lens 1161 

shown in FIGS. 9A and 9B. In this embodiment, an is mounted on the window main body 1160 can be easily 

observation window body 116 is provided in an opening varied, thereby enabling the adjustment of the focal 

111a of a trsmmng head mam body 111 of a scanning point of the magnifying lens 1161. In this embodiment, 

head 110 in such a manner as to close the opening 111a 13 by virtue of the arrangement in which the observation 

The opening 111a is located on one side of the scanning window body 116 has the magnifying lens 1161, the 

. head main body 111 and in front of a probe 115. The observation of the tip of the probe 115 and the specimen 

configuration of the opening 111a is, for instance, 124 is facilitated, and, furthermore, there is no need to 

horseshoe-shaped and defined by a semicircular arc prepare a separate magnifier in addition to the sca nn i ng 

having a radius of 6 mm and two straight lines continu- 20 head 110. An alternative arrangement may be adopted 

ing from the semicircular arc and having a length of 2 in which no window main body 1160 is used and a 

mm, and has, for instance, a depth of 7 mm If, as in the magnifying lens 1161 alone is mounted on the scanning 

case of the second embodiment, a piezoelectric element head main body 111 to serve as an observation window 

113 having an outer diameter of 12 mm is used, and body 116. 

simultaneously if a through hole 1116 of the scanning 23 If the material used to form the scanning head main 

head main body 111 in which the piezoelectric element body 111 is a magnetic substance such as Invar or super- 

113 is inserted has a diameter of 18 mm, the distance Invar, permanent magnets 1162 may be impregnated in 

from the outermost end of the opening 11 to to the tip of outer peripheral portions of the window main body 

the probe 115 is approximately 10 mm. 1160, as shown in FIGS. IOC and 10D. With this ar- 

The observation window body 116 is formed of a 30 rangement, the observation window body 116 is fixed 

material which is optically transparent and has a sound within the opening 111a by utilizing the magnetic force . 

insulating property, such as boro-silicate crown glass, of the permanent magnets 1162. Magnets having a large 

molten quartz glass, or synthetic quartz glass. If the coercive force, eg., magnets of rare earth elements 

scanning head UO is to be used in a certain type of should preferably be used as the permanent magnets 

environment where the scanning head 110 will be sub- 35 1162. With this arrangement, the assembly and disas- 

jected to relatively little external noise, a plastic mate- sembly of the observation window body 116 onto and 

rial such as acrylic diglycol carbonate may be used. The from the scanning head main body 111 can be greatly 

observation window body 116 is formed with the same facilitated. Furthermore, the position of the focal point 

configuration as the opening 111a, and is fixed within of the magnifying lens 1161 can be easily varied by 

the opening 111a by employing either a tight-fitting 40 varying the depth with which the observation window 

method or an adhesive. If the opening 111a has a config- body 116 is positioned within the opening 111a This is 

uration of certain type, threads may be formed in the advantageous in that, even when the position of the 

outer periphery of the observation window body 116 probe 115 or the specimen 124 has become slightly 

and the inner periphery of the opening 111a in such a deviated during replacement, if the depth with which 

manner as to allow mutual engagement of these threads. 45 the observation window body 116 is positioned within 

By virtue of the provision of the observation window the opening 111a is suitably adjusted, the tip of the 

body 116 in the opening Ulo, it is possible to prevent probe 115 and the specimen 124 can be observed 

any sound waves from propagating from the outside clearly. 

into the scanning head main body 111 through the open- Still alternatively, a condenser lens 1163 may be 

ing 111a and, hence, to prevent them from disturbing 50 formed in a portion of the window main body 1160 

the probe 115 and the ambient atmosphere. Thus, ac- which is in the periphery of the magnifying lens 1161, as 

cording to this embodiment, the scanning head 110 is shown in FIGS. IDE and 10F. The condenser lens 1163 

capable of reducing the possibility of electric noise may be, for instance, a Fresnel lens, and in this case, the 

being generated. Further, since the scanning head 110 magnifying lens 1161 is provided in the center of the 

does not have to be covered with a sound wave insulat- 55 Fresnel lens. With this arrangement, light from the 

ing case, the efficiency of an observation operation is outside of the scanning head 110 is converged by the 

enhanced condenser lens 1163 to be brightly shone on the tip of 

An eleventh embodiment of the present invention is the probe 115 and the specimen 124, thereby facilitating 

shown in FIGS. 10A and 10B. In this embodiment, an observation. 

observation window body 116 comprises a window 60 Alternatively, as shown in FIGS. 10G and 10H, a 

main body 1160 and a magnifying lens 1161 provided in cylindrical lens 1164 may be mounted within the open- 

the center of the window main body 1160. An example ing lllo, instead of the single spherical lens 1161. With 

which may be used as the magnifying lens 1161 is a this arrangement, the field of view provided is wider 

single spherical lens having a focal length which is than that provided by the single spherical lens 1161, 
substantially equal to the distance between the principal 65 thereby further facilita t ing the observation of the tip of 

plane of the magnifying lens 1161 and the tip of the the probe 115, etc. 

probe 115, and also having a maximum possible outer A twelfth embodiment of the present invention is 

diameter that can be received within the opening lllo. shown in FIGS. 11A and 11B. In this embodiment, an 
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observation window body 116 has a window main body 
1160 and an electromagnetic wave insulating shield 
1165 formed on one surface of the window main body 
1160. An example which may be used as the electro- 
magnetic wave insulating shield 1165 is an electrocon- 
ductive film such as the so-called ITO film formed of an 
oxide of indium and tin. Such a film is formed as the 
shield 1165 by coating it on the surface of the window 
main body 1160. The electromagnetic wave insulating 



A fourteenth embodiment of the present invention is 
shown in FIG. 13. In this embodiment, a specimen stage 
120 has a recess 1206 formed in the specimen placing 
surface 120a thereof and a scanning head 110 is dis- 
posed in this recess 120&. The bottom face of the scan- 
ning head main body 111 is received within the recess 
120& With this arrangement, it is possible to prevent a 
risk that sound waves or electromagnetic waves propa- 
gating inwardly from the outside may directly propa- 



shield 1165 is electrically connected, at its outer pehph- 10 gate to the associated probe 115 passing through the gap 
era! portion, to the scanning head main body 111 between the bottom face of the scanning head main 
formed of a metal material, so as to shut out electromag- body 111 and the specimen placing surface VOc r of the 
netic waves propagating inwardly from the outside. An specimen stogeim Thus, it is possible to totheren- 
example of a Sod of electrically connecting the **** the effect of insulating sound waves and electro- 
electromagnetic wave insulating shield 1165 and the 15 ma ^ e ^ c ; ^ v ^ 
scanning head 111 is a method in which an electrocon- *" ~ 



20 



ductive adhesive is applied to the interface between 
these members. Alternatively, electrical connection 
between the electromagnetic wave insulating shield 

1165 and the scanning head main body 111 may be 
provided by using a metal frame which is in contact 
with the shield 1165, is mechanically fixed to the side 
portions of the observation window body 116, and is 
kept in contact with the inner periphery of the opening ^ 
111a With the arrangement of this embodiment, since it 

is possible to shut out not only sound waves but also 
electromagnetic waves, the scanning head 110 is capa- 
ble of achieving a further reduction in the possibility of 
electric noise generation. 

Alternatively, as shown in FIGS. 11C and 11D, in- 
stead of using the electromagnetic wave insulating 
shield 1165 coated on the surface of the window main 
body 1160, an electromagnetic wave insulating shield 

1166 which is formed of meshes of an electroconductive 35 
material may be bonded to the surface of the window 
main body 1160. Still alternatively, an arrangement 
such as that shown in FIGS. HE and 11F may be 
adopted in which the window main body 1160 is formed 



What is claimed is: 

1 A tunnel unit for a scanning tunneling microscope 
comprising: 

a specimen stage having a plurality of pole pieces 
joined together via a joint member formed of a 
nonmagnetic material, and a specimen placing 
surface where said plurality of pole pieces and said 
joint member are exposed; 

a permanent magnet rotatably inserted within said 
specimen stage where said plurality of pole pieces 
are joined; 

a scanning head disposed above said specimen plac- 
ing surface of said specimen stage extending across 
said exposed joint member; 

a piezoelectric element fixed to said scanning head; 

a probe mounted on said piezoelectric element; and 

screw means formed of a magnetic material and rotat- 
ably engaging said scanning head, said screw 
means contacting said specimen placing surface of 
said specimen stage to support said scanning head 
above said specimen placing surface of said speci- 
men stage. 

2. A tunnel unit according to claim 1 wherein said 
screw means comprises first, second and third screws 



of a plastic material such as a polycarbonate or acrylic 40 disposed at the vertexes of an isosceles triangle having a 

~.~.A *Wa illlllli llllrfjn ltMIIA jvtCTlf (k+t1«C» * • 1 9 * il * 1 1 ! ^ *^ — 1 



material, and the electromagnetic wave insulating 
shield 1166 is impregnated within this window main 
body 1160. 

A thirteenth embodiment of the present invention is 
shown in FIGS. 12A and 12B. In this embodiment, an 45 
ill uminating lamp 1167 is impregnated in a window 
main body 1160. The ilhiminating lamp 1167 is disposed 
at a position with which the observation of the probe 
115 and the specimen 124 is not hindered. Since light 



base, said second and third screws being positioned on 
opposite ends of the base of said isosceles triangle, said 
first screw being positioned on the perpendicular bisec- 
tor of said base. 

3. A tunnel unit according to claim 2 wherein said 
probe is disposed at a position on the perpendicular 
bisector of the base of said isosceles triangle separated 
from said base. 

4. A tunnel unit according to claim 2 wherein said 



radiated from the illuminating lamp 1167 provides 50 isosceles triangle is an equilateral triangle. 



brightness, this facilitates the observation of the probe 
115 and the specimen 124. Although the flluminating 
lamp 1167 shown in FIG. 12B is impregnated within the 
window main body 1160, the lamp 1167 may alterna- 
tively be mounted on the surface of the window main 55 
body 1160, or be provided in such a manner that only a 
portion of the lamp 1167 is impregnated within the 
window main body 1160, with the remaining portion 
being exposed on the out side of the window main body 



5. A tunnel unit according to claim 2 further compris- 
ing an internally threaded collar formed of a nonmag- 
netic magnetic material in said scanning head, said first 
screw threadedly engaging said internally threaded 
collar. 

6. A tunnel unit according to claim 2 further compris- 
ing a metal sphere formed of a magnetic material and 
provided at one end of said first screw, said metal 
sphere being in point contact with said specimen plac- 



1160. Still alternatively, as shown in FIGS. 12C and 60 ing surface of said specimen stage. 



12D, a mirror 1168 may provided in the vicinity of the 
iUuminating lamp 1167. With this arrangement, light 
from the uluminating lamp 1167 is reflected by the mir- 
ror 1168 to be shone on the probe 115 and the specimen 
124, thereby achieving an increased brightness in the 65 
portion to be observed. A preferable example of the 
mirror 1168 is a mirror having a light-converging char- 
acteristic, such as a concave mirror. 



7. A tunnel unit according to claim 6 further compris- 
ing metal spheres which are formed of a magnetic mate- 
rial and are respectively provided at one end of each of 
said second and third screws, said metal spheres being in 
point contact with said specimen placing surface of said 
specimen stage. 

8. A tunnel unit according to claim 2 wherein said 
plurality of pole pieces comprise first and second pole 
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pieces which each have a configuration obtained by specimen stage disposing surface where said plurality of 

longitudinally bisecting a circular cylinder, said speci- auxiliary-stage pole pieces and said auxiliary-stage joint • 

men stage having the configuration of a circular cylin- member are exposed; and an auxiliary-stage permanent 

der in which said first and second pole pieces are joined magnet rotatably inserted within said auxiliary stage 

via said joint me m ber, said specimen placing surface 5 where said plurality of auxiliary-stage pole pieces are 

being defined by an end face of said circular cylinder. joined, said specimen stage being disposed upon said 

9. A tunnel unit according to claim 8 wherein said specimen stage disposing surface of said auxiliary stage, 
first screw is positioned on said joint member exposed ig. a tunnel unit according to claim 17 further com- 
on said specimen placing surface, said second and third prising an electrically insulating portion disposed be- 
screws being positioned on either side of said exposed 10 tween said specimen stage disposing surface of said 
joint member. auxiliary stage and said specimen stage for mutually 

10. A tunnel unit according to claim 9 further com- electrically insulating these members. 

prising a V-shaped groove formed in said specimen * 19, a tunnel unit ftrmnting to claim 18 wherein said 

placing surface and extending across said joint member electrically insulating portion has adhesive characteris- 

cxposed on said specimen placing surface, and one coni- 15 

cal groove formed in said exposed joint member, said 20. A tunnel unit according to claim 17 further corn- 
first screw being positioned within said conical groove, a formed in the lower end face of said 
both of said second and third screws being positioned auxiliary stage extending along said auxiliary-stage joint 
within said V-shaped groove, member 

11. A tunnel unit according to claim 9 further com- 20 n. A tunnel unit according to claim 20 further com- 
prising two V-shaped grooves formed in line with each a magncticallv permeable electrically insulating 
o^ m said specimen p^ portion provided on the portion of said lower end face 
ofsaid jomt member exposed on said jecimen placing c 7 saidau3 ^ 8tagc ^ 

surface, andonc corneal groove formed m s^ 22. A runnel unh according to claim 1 further com- 

joutt member, said fh^ screw bemg p^tioned wUhm 25 m Jubricant ^ joint of and 

said conical groove, said second and third screws being ^ Z^^t n^net and said rikpteces. 

posUK^ ^different ones of said two streaks of zJ^ZZ u^ording to daim^rther com. 

llTtuSiel unit according to claim 11 further com- P^S^^^-f^ provided at the joint 

prising holes formed at the ends of said two V-shaped 30 of and between sari anxihary-stage permanent magnet 

grooves and a specimen holder formed of a magnetic ******* Pf* 5 ! . , u . „ 

material and having legs capable of fitting in said holes * A taantl ««=ordmg to claim 2 wherein said 

and a flat-plate shaped main body for holding the speci- scr ^ ws <*>»P™e micrometers. 

mcn 25. A tunnel umt according to claim 24 wherem said 

13. A tunnel unit according to claim 2 wherein said 35 nncrometers are provided with cHck-generating knobs, 
plurality of pole pieces comprise first and second pole * A tumiel umt according to claim 9 further corn- 
pieces which each have the configuration obtained by * plurality of grooves formed at equal mtervals 
longitudinally bisecting a circular cylinder, and which m the outCT periphery of the end portion of said first 
have a pair of opposing steps formed in the upper por- screw and extending parallel to the axis of said first 
tkms thereof, and a flat-plate shaped third pole piece 40 scrcw * t t , - - . 
disposed within a recess defined by said pair of steps, A tunnel unit accQrdmg to claim 6 further com- 
with two parallel parts of said joint member forming prising a plurality of grooves formed at equal intervals 
two grooves and being exposed on said specimen plac- m outer periphery ofsaid metal sphere and extend- 
ing surface. ing parallel with the axis of rotation said first screw. 

14. A tunnel unit according to claim 13 wherein said 45 ^ # A taimel unit according to claim 1 wherein said 
first screw is positioned on one of said two parallel parts scanning head comprises a scanning head main body on 
of said joint member exposed on said specimen placing which said piezoelectric element and said probe are 
surface, both of said second and third screws being disposed, and a head adapter on which said screw 
positioned on the other exposed part of said joint mem- means is disposed said scannmg head main body. 

ber. 50 29. A tunnel unit according to claim 28 wherein said 

15. A tunnel unit according to claim 14 further com- head adapter includes a screw socket for supporting 
prising a V-shaped groove formed along the other part said scanning head main body. 

of said joint member exposed on said specimen placing 30. A tunnel unit according to claim 28 wherem said 

surface, end portions of said second and third screws head adapter includes a collet chuck for supporting said 

being positioned within that V-shaped groove. 55 scannmg head main body. 

16. A tunnel unit according to rAmm 14 further com- 31. A tunnel unit according to claim 1 further com- 
prising a V-shaped groove formed in a por ti on of the prising a preamplifier provided in said scanning head 
other part of said joint member exposed on said speci- for amplifying the tunnel current from said probe, 
men placing surface and extending along the other ex- 32. A tunnel unit according to claim 1 further com- 
posed part of said joint member, and one conical groove 60 prising a display lamp provided on the outer side of said 
formed in another portion of the other exposed part of scannmg head for indicating that the tunnel current 
said joint member, wherein ends of said second and from said probe has reached a set value. 

third screws are respectively positioned within the V- 33. A tunnel unit according to claim 1 further corn- 
shaped groove and the conical groove. prising an opening farmed in said scanning head for 

17. A tunnel unit according to claim 1 further com- 65 observing said probe. 

prising an auxiliary stage having a plurality of auxiliary- 34. A tunnel unit according to claim 33 further corn- 
stage pole pieces joined together via an auxiliary-stage prising a notch formed in said scanning head for adjust- 
joint member formed of a non-magnetic material, and a ing the distribution of the weight of said scanning head. 
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35. A scanning head for a scanning tunneling micro- 37. A scanning head according to claim 36, wherein 

. . said observation window body includes a magnifying 
scope comprising: 

a scanning head main body having an opening formed M A scanning head according to claim 36> wherein 

therein for observation; 5 said observation window body includes a magnifying 

a piezoelectric element fixed to said scanning head lens and a condenser lens on die outer periphery of said 

main body and disposed inside said scanning head majmirying lens. 

* hnrfl 39. A scanning head according to claim 36 further 

mam bodv; comprising a magnet fixed to the outer periphery of said 

a probe mounted on said piezoelectric dement and 10 observation window body and for holding said observa- 

disposed in the vicinity of said opening of said don window body within said opening, 

scanning head main body; and *<>• A scanning head according to claim 35, wherein 

* an observation window body provided in said open- said observation window body shuts out dectromag- 

„ , , . % j _ , . neuc waves propagating inwardly from the exterior, 

mg of said scanning head mam body for closing 15 41 A SC3ns ^ s bead according to claim 40 wherein 

said opening, said, observation window body being said observation window body has a window main body 

optically transparent and capable of preventing the and a shield provided on said window main body for 

inside of said inning main body from being sub- shutting out electromagnetic waves, 

jected to external disturbance. 42. A scanning head adding to claim 35 wherein 
J . . 20 said observation window body has a window mam body 

36. A scanning head according to claim 35 wherein ^ m mummating fred to said window main 
said observation window body shuts out sound waves body. 

propagating inwardly from the exterior. * * * * * 
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